Abstract-Activity recognition in smart home environment is becoming challenging when it is involving more than one resident living in the same space. It is not merely recognizing and tracking the multi-resident activity, but the interaction between them are also need to address in order to provide the great autonomous ambient intelligence (AmL) system. It is a challenging task due to diversity and complexity level of human activity and resident interaction using only binary data from ambient-based type sensors. Strong approach is needed to identify types of interaction based on activity performed either it is individual, parallel or cooperative. Previously, researchers tend to simplify the problem and define the parallel as individual activity due to the sensors type are unobtrusive and open to noise in nature. Hence, we address this issue as separate interaction. This research presents the rule-based approach to recognize complex activity recognition in multi-resident scenario in a smart home setting. It has been tested on the real smart home datasets using multi-label classification technique using Enhanced Label Combination method with random forest as its base classifier. The quality of the classification is selected as evaluation metrics to measure the proposed solution.
I. INTRODUCTION
Personal connection and social interaction is vital pertaining to personal growth and social achievement. The study of social behaviors is needed to identify organizational behavior in order to predict job satisfaction. It is also essential to study on social network organizations for its future development [1] . Detecting the interactions and recognizing the human activities based on sensor readings is an interesting study. Different type of sensors produces different type of data and requires different way of treatment to infer the human activity. Simple approach could be developed with relying on wearable devices and put on the body while doing the activities of daily living (ADLs) [2] . Hence, we find that the approach is not appropriately suitable for the elderly that are naturally senile and weak to hold the devices in their everyday ADL.
In multi-resident activity recognition paradigms, the complex activity can be identified as interaction between more than one resident [3] . It happened as a result from conflict in interaction detected from the sensor signals embedded in the smart home environment. The interaction can be categorised as cooperative, parallel and individual. The 'individual' included in this category because it also can be occurred in the multiresident complex activity recognition scenario. Hence to differentiate, 'parallel' is defined as more than one resident are performing different activity at the same time but different location. Otherwise, cooperative is considered when more than one is performing the same activity at the same and place [3] . For example, playing chess and moving furniture are the example of cooperative activity of multi-resident [4] . The scenario of complex activity recognition illustrated in Fig. 1 . However, the parallel interaction has been addressed vaguely in previous research regarding multi-resident in smart home [5] . Some works identified parallel as individual interaction [6] and some are defined the interaction as activity that are performed together and some individual [7] . This is due to the ambient-based sensor are unobtrusive, ambiguous and noisy in nature. Though, the tendency of conflict in interaction to happen in multi resident activity recognition scenario in individual, parallel or cooperative situation is always possible. Therefore, a systemized conflict resolution algorithm using multi-label classification technique is indispensable in order to solve the problem. In this paper, the rule-based approach is presented using label dependence of multi-label learning technique to tackle the problem mentioned.
Moreover, an autonomous AmL and good health monitoring system should have the capabilities for the eldercare and support ageing in place [8] . Hence, a comprehensive study is carried out to demonstrate how this proposed method is work. Section II explains the experimental work, including the sensor data of embedded ambient-based technology specifically from the real world setting using the proposed method. Section III describes the result and discussion and last but not least Section IV discusses the conclusion of this work. 
B. Enhanced Label Combination Method
This method is the leverage of multi-label classifier label combination with rule-based approach to address the conflicts in interaction of complex activity recognition in multi-resident environment especially to cater the individual, parallel and cooperative exclusively. The experiment has been carried out using 10 folds cross-validation technique. 
1) Multi-label classification technique
This study is proposed to exploit the multi-label classification technique to rectify the multi-resident as mentioned. Multi-label classification is able to associate an instance with multiple class labels [9] . Thus, this study manipulates its capability to address more than one activity performed at the same time and also able to identify the performer of the activity specifically. At the pre-processing stage, the multi-label datasets prerequisite to have a set of label vector that associate with an instance. The instances consist from set of sensors state-change signal features extracted from the datasets. The feature extraction are treated as same as in [10] . Consequently the set of activity and the performer considers as labels. Generally the multi-label classifier transforms the multi-label datasets into multi-class single label. The transformation process covers the combine label-set from the individual class label.
Rule-based Algorithm While event(s) received from system(s)

Do
The received events will be checked based on conflict rules to meet condition.
If activity RA == activity RB | activity RB == activity RA if Type activity RA == Type activity RB | Type activity RB == Type activity RA result = 'Cooperative' else result = 'Parallel' else result = 'Individual' End End while Fig. 2 . Rule-based algorithm in conflict interaction of complex activity recognition of multi-resident.
2) Rule-based Algorithm
The conflict of interactions within the multi-resident environment can occur in the complex activity recognition comprising the individual, parallel and cooperative. Hence, using the multi-label classification technique, the problem can be addressed. The rule-based approach is proposed and possible to expand the label dependence in the label vector at the pre-processing stage. Detail of the approach as in Table 2 . The approach identifies the conflict in supervise learning and treat types of interactions as new additional labels in the datasets. Mainly, two things are considered to define the type of interactions. The activity type and the performer are the main subject to be considered in this approach. Based in Fig. 1 , the activity of the multi-residents are identified and categorized accordingly. The algorithm of the proposed method described in Fig. 2 .
C. Performance evaluation
Multi-label classification requires different evaluation criteria than traditional single-label classification. The evaluation of multi-label classification considers two main categories: example-based and label-based measures [11] . For this purpose, we choose to measure the model performance in term of quality of the classification into classes Accuracy per label, Hamming score, exact match, accuracy and harmonic score are selected for this points [11] [12] .
III. RESULT & DISCUSSION
To solve the conflicts interaction of complex activity recognition in multi-resident smart home environment, a systematic approach is required. The individual, parallel and cooperative in interaction are essentials to cater exclusively. The developed approach here clearly shows that the multi-label classification technique manage to solve the multiple problems within the multi-resident environment. The model is able to define one-by-one accuracy per label and express the interactions from the proposed model vividly. As the baseline study can only model the interaction as individual an cooperative [7] [6], we address and define the individual as parallel accordingly. Atop, the activity type and its performer is address. The outcome has incorporated the individual, parallel and cooperative is address separately in Fig. 3 . Specifically the accuracy per label recorded 88.2%, 90.7% and 96.7% respectively. Consequently, the Hamming score, accuracy, exact match and harmonic score are 94.3%, 70.3%, 58.1% and 81.1% correspondingly presented in Table 3 . 
IV. CONCLUSION
This paper proposed the rule-based algorithm with Enhanced Label Combination of multi-label classification technique of multi-resident in smart home environment. The proposed approach is aimed at providing the conflict resolution algorithm in interaction of complex activity recognition of multi-resident in the environment. In summary, the complex activity recognition such as cooperative, parallel and individual considered as conflict interaction in multi-resident smart home environment setting. Hence it is observed that rule-based approach seems to ideal to tackle the problem.
For future work, we plan to investigate the relationship between temporal and spatial information in order to make the model more effective and efficient to handle the real-world setting. 
